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ABSTRACT 


A  series  of  five  tests  was  conducted  in  Propulsion  Engine  Test  Cell 
(J-4)  in  support  of  a  study  to  determine  the  surface  contamination  of  the 
Centaur  vehicle  and  its  payload  resulting  from  the  deposition  of  retro 
exhaust  particles  during  separation  from  the  spent  S-IVB  stage.  The 
test  article  consisted  of  a  full-scale  model,  120-deg  segment  of  the 
S-IVB  interstage  adapter-Centaur-payload  sections  of  the  Saturn  1B- 
Centaur  vehicle.  An  S-IVB  retro  motor  was  mounted  in  the  adapter  sec¬ 
tion  at  either  a  0-  or  11.  5-deg  angle  upward  from  the  model  surface  and 
was  ignited  at  a  pressure  altitude  of  approximately  130,  000  ft.  The 
contamination  of  the  model  surface  was  primarily  a  gray  deposit  of  iron 
and  aluminum  oxides.'  Predominant  sizes  of  the  particles  deposited  on 
the  contamination  panels  were  1  to  10  However,  many  particles  ranged 
from  20  to  60//,  and  a  few  particles  were  as  large  as  400^.  Particle 
erosion  of  the  paint  on  the  model  surface  was  12  to  14  //  in  depth  and 
occurred  in  a  4-  to  30-ft  interval  downstream  of  the  nozzle  exit.  The  test 
results  dependent  upon  retro  motor  firing  angles  of  0  and  11.5  deg,  re¬ 
spectively,  varied  as  follows:  (1)  maximum  surface  heating  rate,  14.1  to 
9.0  Btu/ft^-sec;  (2)  maximum  surface  pressure,  0.29  to  0.  14  psia; 

(3)  degradation  of  solar  cell  panel  performance,  26.  6  to  6.  0  percent; 

(4)  laser  beam  attenuation,  22  to  12  percent;  and  (5)  nominal  change  in 
surface  reflectance  of  tne  model  utilizing  a  laser  beam,  27  to  19  percent. 


iii 


A  E  D C- T  R-66-57 


CONTENTS 

Page 

ABSTRACT .  iii 

NOMENCLATURE .  vii 

I.  INTRODUCTION .  1 

II.  APPARATUS 

2,  1  Test  Article .  2 

2.  2  Installation .  3 

2.  3  Instrumentation .  3 

2.  4  Test  Cell .  5 

III.  PROCEDURE .  6 

IV.  RESULTS  AND  DISCUSSION 

4.  1  Contamination  Panel  Degradation .  7 

4.  2  Solar  Cell  Performance . 9 

4.  3  Model  Surface  Pressure  and  Heat  Rate 

Distributions .  10 

4.  4  Laser  Experiments . 11 

4.5  Exhaust  Plume  Radiance .  13 

4.  6  Exhaust  Plume  Characteristics .  13 

4.7  Motor  Performance .  13 

V.  SUMMARY  OF  RESULTS .  14 

REFERENCES .  15 

ILLUSTRATIONS 

Figure 

1.  Saturn  1B-Centaur  Vehicle .  17 

2.  Centaur-Payload  Shroud  Arrangement .  18 

3.  Aerial  View  of  Test  Cell  J-4 .  19 

4.  Cutaway  Drawing  of  Test  Cell  J-4 .  20 

5.  S-IVB  Interstage  Adapter-Centaur-Payload  Model.  .  .  22 

6.  Installation  and  Instrumentation  Schematic .  23 

7.  Instrumentation  Locations .  25 

8.  Identification  of  Contamination  Panel  Specimens  ...  27 

9.  Contamination  Panel  Configuration  for  the  Charged 

Panel  Experiment  .  . .  29 


v 


A  E  DC-T  R-66-57 


Figure  Page 

10.  Typical  Solar  Cell  Panel  . .  30 

11.  Helium-Neon  Gas  Laser  Units .  31 

12.  Post-Fire  Contamination  Inspection .  33 

13.  S-IVB  Retro  Motor  Nozzle  Exit  Cone,  Post-Fire  ...  36 

14.  Typical  Microscopic  Inspection  of  Contamination 

Panels .  37 

15.  Model  Surface  Paint  Erosion .  39 

16.  Surface  Reflectance  of  Various  Contamination 

Specimens .  40 

17.  Solar  Cell  Panel  Degradation .  43 

18.  Solar  Cell  Panel  Calibration .  44 

19.  Typical  Model  Surface  Pressure  Distribution .  46 

20.  Typical  Model  Surface  Heating  Rate  Distribution  ...  47 

21.  Typical  Profile  of  Maximum  Model  Surface 

Pressures .  48 

22.  Typical  Profile  of  Maximum  Model  Surface  Heating 

Rates .  49 

23.  Model  Surface  Pressure  and  Heating  Rate 

Relationship . 50 

24.  Altitude  Effect  on  Model  Surface  Heating  Rates  ....  51 

25.  Test  Equipment  Setup  for  Laser  Experiments .  52 

26.  Contamination  Panel  III  Reflectance  of  a  Laser 

Beam .  53 

27.  Contamination  Panel  III  Reflectance  of  Exhaust 

Plume  Radiance .  54 

28.  Total  Change  in  Model  Surface  Reflectance  of 

a  Laser  Beam  .  55 

29.  Laser  Beam  Transmittance  through  Exhaust 

Plumes .  56 

30.  Typical  Exhaust  Plume  Characteristics  for  a 

0-deg  Angle  Retro  Motor  Firing .  57 

31.  Typical  Exhaust  Plume  Characteristics  for  an 

11.  5-deg  Angle  Retro  Motor  Firing .  59 


vi 


AEDC-T  R-66-S7 


Figure 

32.  Motor  Ambient  Pressure  Altitudes  .  , 

33.  Motor  Chamber  Pressure  Envelope 

34.  Typical  Spent  Tgniter . 


Page 

61 

62 

63 


TABLES 

I.  Instrumentation  Supplied  by  Various  Agencies 

II.  Optical  Recorders  . 

III.  Summary  of  Test  Conditions  and  Results  .  . 

IV.  Test  Summary  of  Contamination  Panels  .  .  . 

V.  Model  Surface  Reflectance  of  a  Laser  Beam  . 

NOMENCLATURE 

© 

A  Angstrom,  10"8  cm 


p 

Pressure,  psia 

Q 

Heat  flux,  Btu/ft2 

T 

Temperature,  °F 

t 

Time,  sec 

d 

Microns,  10" 8  M 

SU  BSCRIPTS 

a 

Ambient 

f 

Force 

m 

Mass  i/ 

ms 

Model  surface 

o 

Zero  •/ 

pm 

Photomultiplier 

r 

Radiation 

t 

Total 

65 

66 

67 

68 
69 


Vll 


A  E  DC- T  R-66-57 


SECTION  I 
INTRODUCTION 


The  Centaur  vehicle  is  being  considered  as  the  third  stage  of  the 
Saturn  IB  launch  vehicle.  This  addition  would  provide  the  National 
Aeronautics  and  Space  Administration  (NASA)  with  a  payload  capability 
for  placing  either  a  Pegasus-  or  Voyager-type  spacecraft  in  a  plane¬ 
tary  orbit.  One  conception  of  the  Saturn  lB-Centaur  vehicle  is  to 
encase  the  Centaur  and  its  payload  in  a  two-piece,  aerodynamic  shroud 
(Figs.  1  and  2)  which  is  the  same  diameter  as  the  S-IVB  stage.  This 
shroud  would  be  jettisoned  during  the  second-stage  operation  to  reduce 
the  weight  penalty.  After  explosive  charges  have  structurally  separated 
the  S-IVB  and  Centaur  stages,  three  retro  motors,  mounted  on  the  for¬ 
ward  interstage  adapter,  are  proposed  to  decelerate  the  spent  S-IVB 
stage  and  separate  it  from  the  Centaur  and  its  payload.  Since  the 
Centaur  and  its  payload  would  be  exposed  to  the  exhaust  of  the  S-IVB 
retro  motors  during  stage  separation,  concern  has  arisen  as  to  the 
surface  contamination  and  its  effect  on  (1)  heat  transfer  to  the  Centaur 
stage  during  its  orbital  coast  period,  and  (2)  degradation  of  the  space¬ 
craft  solar  cells  performance. 

A  test  program  was  initiated  in  the  Propulsion  Engine  Test  Cell 
(J-4)  of  the  Large  Rocket  Facility  (LRF)  (Fig.  3,  Ref.  1)  in  support 
of  a  study  to  determine  the  surface  contamination  of  the  Centaur  and 
its  payload  caused  by  the  deposition  of  retro  motor  exhaust  particles 
during  separation  from  the  spent  S-IVB  stage.  Five  tests  were  con¬ 
ducted  in  the  spray  chamber  of  Test  Cell  J-4  (Fig.  4)  at  pressure 
altitudes  of  approximately  130,  000  ft  (Ref.  2). 

The  objectives  of  the  test  program  were  as  follows: 

1.  Primary  Objectives 

a.  Evaluate  the  surface  degradation  (composition  and  relative 
particle  size  of  the  exhaust  deposits  and  change  in 
absorptivity/emissivity)  of  the  specimens  on  the  con¬ 
tamination  panels. 

b.  Determine  the  degradation  of  the  solar  cell  panel 
performance. 

c.  Determine  model  surface  pressure  and  heating  rate 
distributions  resulting  from  retro  motor  exhaust  impinge¬ 
ment. 

d.  Determine  the  effects  of  electrically  charged  panels  on 
exhaust  particle  deposition. 
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e.  Determine  laser  beam  attenuation  through  the  retro  motor 
exhaust  plume. 

f .  Determine  change  in  surface  reflectance  of  the  model  using 
a  laser  beam. 

g.  Determine  the  radiant  heat  transfer  from  the  exhaust  plume 
of  the  retro  motor. 

2.  Secondary  Objectives 

a.  Evaluate  the  degradation  of  ablative  materials  resulting 
from  exhaust  particle  erosion  and  deposition. 

b.  Verify  tailoff  stability  of  the  S-IVB  retro  motor  at 
simulated  altitude  conditions. 

c.  Determine  the  optical  characteristics  of  the  retro  motor 
exhaust  plume. 


SECTION  II 
APPARATUS 


2.1  TEST  ARTICLE 

The  test  article  (Fig.  5)  was  a  full-scale  model,  120-deg  segment 
of  the  S-IVB  interstage  adapter-Centaur-payload  sections  of  the  Saturn 
lB-Centaur  vehicle  with  one  S-IVB  retro  motor  mounted  in  the  interstage 
adapter  section. 


2.1.1  S-IVB  Retro  Motor 


The  S-IVB  retro  motor  (TX-143-37),  designed  and  developed  by  the 
Thiokol  Chemical  Corporation,  contains  a  composite  base  solid  pro¬ 
pellant  desj.gnated^jP-L8006.  Nominal  chamber  pressure  of  1100  psia 
and  thrust; '.of  5000  lbf  are  developed  for  approximately  2  sec.  The 
nozzle  has  a  throat  area  of  3.  56  in.  2  and  an  area  ratio  of  5.  The  average 
propellant  flow  rate  is  30  lbm/sec. 

2.1.2  S-IVB  Interstage  Adapter-Centaur- Payload  Model 

A  full-scale  model,  120-deg  segment  of  the  S-IVB  interstage 
adapter-Centaur-payload  sections  of  the  Saturn  lB-Centaur  vehicle 
(after  shroud  separation)  was  designed  and  fabricated  by  NASA  for 
testing  at  AEDC.  The  model  was  fabricated  (from  1/4-in.  aluminum 
supported  by  an  aluminum  angle  frame)  in  sections  to  facilitate 
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installation  in  the  spray  chamber  of  Test  Cell  J-4.  Completely 
assembled,  the  model  length  was  53.  5  ft,  and  the  weight  was  approxi¬ 
mately  3000  lb.  The  radius’of  the  Centaur-payload  segment  of  the 
model  was  5  ft. 

2.2  INSTALLATION 

The  S-IVB  interstage  adapter,  Centaur,  and  payload  sections  of 
the  model  were  lowered  separately  by  the  overhead  crane  down  the 
exhaust  diffuser  to  the  deflector  plate,  assembled,  and  welded  in 
place  (Figs.  4  and  5).  The  retro  motor  support  stand  was  mated  with 
the  S-IVB  interstage  adapter  and  aligned  parallel  with  the  centerline 
of  the  model.  Mounting  supports  were  installed  and  aligned  for  laser 
units,  photomultiplier  tube  detectors,  solar  cell  panel  and  excitation 
lamp  bank,  cameras,  heat  flux  and  pressure  transducers,  and  con¬ 
tamination  panels.  After  in-place  checkouts  of  these  instruments,  a 
S-IVB  retro  motor  was  installed  in  the  support  stand  (designed  for 
vernier-type  angular  adjustments)  at  either  0-  or  11.  5-deg  angles, 
depending  on  the  particular  test  requirement. 


2.3  INSTRUMENTATION 

Instrumentation  for  this  test  program  is  described  in  the  follow¬ 
ing  sections.  Instrumentation  supplied  by  various  agencies  is 
summarized  in  Table  I.  The  location  of  the  instrumentation  is  pre¬ 
sented  in  Figs.  6  and  7. 

2.3.1  General 

Test  cell  and  motor  chamber  pressures  and  pressure  distribution 
along  the  surface  of  the  model  were  measured  using  strain-gage-type 
pressure  transducers.  These  pressure  transducers  were  calibrated 
at  AEDC  under  laboratory  conditions  against  a  secondary  standard 
prior  to  Initial  test  cell  installation. 

Test  cell  and  solar  cell  temperatures  were  sensed  with  Chromel®- 
Alumel®  thermocouples. 

In-place  calibration  of  all  recording  systems  just  prior  to  each 
test  consisted  of  substituting  precision  electrical  resistance  values 
to  simulate  known  transducer  load  signals. 
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2.3.2  Contamination  Panels 

Electrically  charged  and  passive  contamination  panels  were  used 
to  determine  the  surface  degradation  (composition  and  relative 
particle  sizes  of  the  exhaust  deposits  and  the  change  in  absorptivity 
and  emissivity)  of  the  model.  A  schematic  of  the  panel  locations  on 
the  model  surface  is  presented  in  Fig.  6.  Passive  contamination 
panels  contained- various  painted,  insulated,  and  ablative  specimens 
(Fig.  8)j  the  surface- of  the  other  contamination  panels,  as  well  as 
the  model  surface,  was  coated  with  white  enamel  paint  (MIL-E-5556) . 

For  the  charged  panel  experiment,  three  panels  were  installed 
on  the  model  surface  (Figs.  6  and  9).  Using  a  high  voltage  trans¬ 
former,  a  positive,  negative,  and  zero  charge  was  placed  on  the  three 
panels  as  indicated  by  utilizing  a  voltage  divider  and  regulator. 

2.3.3  Solar  Cell  Panels 

The  solar  cell  panels  (Fig.  10)  had  210  negative  on  positive 
(N  on  P)  silicon-type  solar  cells  arranged  in  five  series  of  42  cells 
with  each  series  connected  in  parallel.  The  maximum  solar  cell 
panel  output  power  is  approximately  3300  mw  at  15  v.  The  N  on  P 
silicon-type  solar  cells  are  sensitive  to  a  radiation  bandwidth  of  400 
to  1200  A  and  convert  approximately  10  percent  of  the  total  solar  energy 
into  power.  To  protect  the  solar  cells  against  high  energy,  short  wave¬ 
length  radiation,  a  spectrally  selected  glass  filter  with  a  sharp  trans¬ 
mittance  cutoff  below  400  A  and  better  than  95-percent  transmittance  at 
longer  wavelengths  is  bonded  to  each  cell.  The  glass  filters  are  60  mils 
thick  and  thereby  provide  considerable  micrometeorite  erosion  pro¬ 
tection  for  the  solar  cells. 

The  solar  cell  panels  were  calibrated  relative  to  a  standard  panel 
both  pre-  and  post-fire.  The  calibration  consisted  of  determining  the 
voltage -current  (El)  characteristic  curves  for  both  the  test  panel  and 
the  standard  panel  at  near  identical  conditions. 

The  solar  cell  panels  used  for  this  test  program  were  spare  Pegasus 
(meteoroid  explorer  probe)  solar  cell  modules. 

2.3.4  Laser  Equipment 

Two  gas  laser  units  provided  high  intensity,  collimated  light  sources 
for  the  model  surface  reflectance  and  laser  beam  attenuation  measure¬ 
ments.  The  changes  in  surface  reflectance  and  laser  beam  attenuation 
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were  measured  by  photomultiplier  tubes  (Qpm-1  and  -3,  respectively) 
with  narrow  band-pass  filters  (10  A)  centered  at  6328  A.  For  the  laser 
beam  attenuation  measurement,  a  Perkin-Elmer  helium-neon  (He-Ne) 
continuous  wave  (cw)  gas  laser  unit  (Fig.  11a)  with  an  0.  5-mw  output 
at  6328  A  was  used.  The  unit  used  for  the  surface  reflectance  meas¬ 
urements  was  a  Spectra-Physics  He-Ne  cw  gas  laser  (Fig.  lib)  with 
a  3-mw  output  at  6328  A. 

2.3.5  Colorimeters 

Asymptotic-type  calorimeters  were  used  to  measure  the  heating 
rate  distribution  along  the  surface  of  the  model.  Calibration  curves 
from  the  manufacturer  were  used  for  data  reduction, 

2.3.6  Radiation  Measurements 


Exhaust  plume  radiance  reflected  from  the  model  surface  was 
measured  with  aophotomultiplier  tube  (Q  -2)  with  a  narrow  band¬ 
pass  filter  (200  A)  centered  at  8400  A.  The  photomultiplier  tube  was 
calibrated  in-place  with  a  standard  blackbody  source. 

Total  radiance  of  the  exhaust  plume  was  measured  by  a  Gardon 
gage-type  radiometer.  Calibration  curves  from  the  manufacturer 
were  used  for  data  reduction. 

2.3.7  Optical  Recorders 

Optical  recorder  devices  were  used  to  record  characteristics 
of  the  exhaust  plume.  Recorder  type,  designation,  frame  rate,  and 
film  type  are  summarized  in  Table  II.  Timing  marks  (100  Cycles  per 
second)  were  provided  on  the  photographic  film  to  determine  the  exact 
framing  rate  of  the  optical  recorder. 


2.4  TEST  CELL 

Test  Cell  J-4  (Fig.  4a)  is  the  largest  altitude  test  cell  operating  in 
the  free  world.  It  is  a  vertical  test  cell  primarily  designed  for  testing 
large  rocket  engines  and  entire  propulsion  systems  (present  thrust 
capability  of  500,  000  lbf  with  a  growth  potential  of  1. 5  million  lb^)  at 
pressure  altitudes  in  excess  of  100,  000  feet.  An  additional  testing 
capability  has  been  demonstrated  in  the  2,  000,  000-cu-ft  spray  chamber 
of  the  test  cell  for  investigating  exhaust  plume  phenomena  and  space¬ 
craft  contamination.  The  spray  chamber  is  normally  used  for  water- 
spray  cooling  the  exhaust  gases  from  large  rocket  engines.  However, 


5 


A  EDC-T  R-66-57 


for  tests  in  the  spray  chamber,  the  water  cooling  systems  are  secured 
to  provide  a  dry  environment.  By  using  the  calibration  ejectors  {low 
mass  flow  steam  ejectors  in  the  exhaust  duct  system)  in  series  with 
the  exhaust  machinery,  pressure  altitudes  of  approximately  130,000  feet 
may  be  obtained  for  an  indefinite  period  of  time. 


SECTION  III 
PROCEDURE 


As  the  test  hardware  arrived  at  the  AEDC,  it  was  visually  in¬ 
spected  and  stored  to  await  buildup  in  preparation  for  testing.  All 
S-IVB  retro  motors  were  subjected  to  a  stringent  radiographic  inspec¬ 
tion  with  the  25-Mev  Betatron  machine.  The  S-IVB  interstage 
adapter-Centaur-payload  model  was  assembled  on  the  deflector  plate 
in  the  spray  chamber,  and  all  instrumentation  was  installed,  connected, 
and  checked  out  (Section  2.  2). 

After  motor  buildup,  it  was  transported  to  the  test  cell  and  in¬ 
stalled  in  the  support  stand.  The  motor  instrumentation  was  connected, 
and  final  verification  checkouts  of  instrumentation  and  control  systems 
were  performed. 

Upon  completion  of  atmospheric  calibrations,  the  test  cell  was 
evacuated  by  the  exhaust  machinery  to  approximately  0.  4  psia  prior  to 
operation  of  the  Test  Cell  J-4  calibration  ejectors.  After  obtaining  a 
minimum  cell  pressure  {approximately  0.  04  psia)  with  the  calibration 
ejectors,  altitude  calibrations  were  accomplished  and  the  final  count¬ 
down  sequence  was  performed. 

Immediately  after  the  motor  firing,  the  air  inbleed  valve  was 
partially  opened  (allowing  air  circulation  down  through  the  exhaust 
diffuser  and  up  through  the  spray  chamber}  to  remove  the  retro  motor 
exhaust  from  the  spray  chamber  and  to  essentially  eliminate  con¬ 
tamination  fallout  on  the  surface  of  the  model.  After  the  test  cell  was 
returned  to  atmospheric  conditions,  the  test  hardware  was  visually 
inspected  and  documented  photographically.  The  spent  S-IVB  retro 
motor  was  removed  from  the  test  cell  and  returned  to  the  rocket  pre¬ 
paration  area  for  post-fire  inspection.  The  contamination  panels  were 
returned  to  NASA  and  The  Boeing  Company  for  evaluation  of  the  com¬ 
position  and  relative  particle  size  of  the  exhaust  deposits  and  change 
in  surface  absorptivity  and  emissivity.  The  solar  cell  panel  was 
calibrated  to  determine  the  degradation  of  the  panel  performance.  The 
model  surface  was  cleaned  and  a  new  set  of  contamination  panels  was 
installed  on  the  model  for  the  subsequent  tests. 
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SECTION  IV 

RESULTS  AND  DISCUSSION 


Five  tests  were  conducted  in  the  spray  chamber  of  Test  Cell  J-4 
with  retro  motor  ignitions  at  pressure  altitudes  of  approximately 
130,  000  ft.  Data  collected  to  accomplish  the  test  objectives  are 
discussed  in  the  following  sections.  A  summary  of  the  test  conditions 
and  results  is  presented  in  Table  III. 


4.1  CONTAMINATION  PANEL  DEGRADATION 

Passive  contamination  panels  were  used  to  measure  the  model 
surface  degradation  resulting  from  the  deposition  of  exhaust  particles 
during  the  retro  motor  firings.  These  panels  contained  various 
painted,  insulated,  and  ablative  specimens  (Fig.  8).  The  types  of 
panels  used  for  each  test  are  summarized  in  Table  IV. 

4.1.1  General 

Post-fire  inspection  of  the  contamination  panels  and  the  model 
surface  revealed  exhaust  particle  streaks,  gray  and  black  exhaust 
particle  deposits,  specimen  ablation  and  discoloration,  and  paint 
.blisters  (Fig.  12).  Gray  exhaust  particle  deposits  identified  pri¬ 
marily  as  aluminum  and  iron  oxides  (Section  4.  1.2)  were  the  most 
predominant  type  of  contamination  observed  along  the  model  surface. 
This  type  deposit  was  distributed  over  the  entire  model  with  the  ex¬ 
ception  of  the  region  near  the  base  of  the  interstage  adapter.  In 
this  region,  black  exhaust  particle  deposits  were  concentrated.  These 
deposits  were  attributed  to  recirculation  deposition  of  low  momentum 
particles  from  the  igniter  and  throat  liner  during  the  ignition  and  tail- 
off  phases  of  motor  operation,  respectively.  Microscopic  inspection 
of  these  stratified  deposits  of  exhaust  particles  revealed  that  igniter 
particles  (magnesium  and  boron)  were  deposited  initially.  In  addition, 
the  buildup  of  black  deposits  in  this  region  was  observed  by  optical 
recorders  during  motor  tailoff. 

The  exhaust  particle  streaks  observed  on  the  surface  of  the  model 
after  tests  -01  and  -02  were  attributed  to  the  charred  paint  on  the 
exterior  of  the  nozzle  exit  cone  (Fig.  13)  being  entrained  into  the  retro 
exhaust  and  deposited  on  the  model  surface.  The  removal  of  the  paint 
from  the  nozzle  exit  cone  for  subsequent  tests  eliminated  the  streaking 
phenomena. 
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Specimen  discoloration  was  a  common  occurrence  on  tests  in  which 
the  specimen-type  panels  were  used.  Discoloration  resulted  from  a 
combination  of  surface  heating  and  contamination. 

Paint  blisters  occurred  on  the  S-13  paint  specimen  which  was 
mounted  at  a  45-deg  angle  to  the  retro  exhaust  flow  and  approximately 
50  ft  downstream  from  the  nozzle  exit  plane. 

4.1.2  Exhaust  Particle  Deposits 


Emission  spectographic,  X-ray  defraction,  and  chemical  spot¬ 
testing  techniques  were  used  to  determine  the  constituents  of  the  exhaust 
particle  deposits.  The  major  constituents  were  aluminum  and  iron 
oxides  with  traces  of  iron  and  aluminum  chloride  and  silicates,  carbon, 
magnesium,  boron,  and  titanium  oxide. 

Microscopic  investigation  of  the  particle  size  (Fig.  14)  indicated 
that  the  majority  of  the  particles  were  1  to  10  fi  in  size.  However, 
many  particles  ranged  in  size  from  20  to  60 /i,  and  a  few  particles  were 
as  large  as  400  ^ . 

4.1.3  Panel  Surface  Erosion 


Microscopic  inspection  of  the  disc -type  contamination  panels 
(Fig.  14)  revealed  erosion  of  the  painted  surface  by  the  retro  exhaust 
particles.  Maximum  erosion  of  12  to  14  m  in  depth  occurred  on 
panel  IV.  The  erosion  was  observed  on  panels  II  through  VII.  The 
painted  surface  of  the  model  eroded  to  the  zinc  chromate  primer  and 
bare  aluminum  in  a  5-  to  15-ft  interval  downstream  of  the  nozzle  exit 
plane  (Fig.  15)  during  the  course  of  the  test  program. 

4.1.4  Absorptivity  and  Emissivity 

Analysis  of  the  change  in  surface  absorptivity  of  various  specimens 
on  the  contamination  panels  has  not  been  completed  and,  therefore, 
cannot  be  included  in  this  report.  However,  preliminary  data  were  ob¬ 
tained  by  using  a  portable  reflectometer  to  analyze  the  change  in  sur¬ 
face  reflectance  of  one  specimen  per  contamination  panel.  Pre-  and 
post-fire  reflectance  data  as  a  function  wavelength  for  the  bare 
aluminum,  S-13  paint,  white  enamel,  zinc  chromate,  and  insulflor 
specimens  are  presented  in  Fig.  16.  A  reference  panel,  coated  with 
white  enamel  paint  (MIL-E-5556),  was  positioned  outside  the  exhaust 
plume  on  the  deflector  plate  to  measure  the  contamination  fallout  on  the 
model  after  the  retro  motor  firings.  The  change  in  surface  reflectance 
of  the  reference  panel  and  the  Johnson  curve  (Ref.  3)  of  solar  radiation 
are  also  included  in  Fig,  16  for  comparison  purposes. 
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Analysis  of  the  change  in  surface  emissivity  for  the  various 
specimens  on  the  contamination  panels  has  not  been  completed.  How¬ 
ever,  preliminary  data  indicated  no  appreciable  change  in  the  emis- 
sivity  oi  the  specimens  with  the  exception  of  bare  aluminum  which 
increased  from  0.  12  to  approximately  0.  17. 

4.1.5  Charged  Panel  Effect 

Because  of  the  limited  amount  of  data  obtained,  the  results  of  the 
experiment  were  inconclusive. 


4.2  SOLAR  CELL  PERFORMANCE 

Three  identical  solar  cell  panels,  used  separately  in  tests  -01, 

-02,  and  -03,  were  located  on  the  model  surface  (approximately  36  ft 
downstream  from  the  nozzle  exit  plane)  in  a  position  comparable  with 
two  much  larger  solar  cell  panels  of  the  Pegasus  satellite  on  the 
Saturn  lB-Centaur  vehicle.  The  Pegasus  satellite  has  four  large  solar 
cell  panels  with  6300  cells  on  each  panel  as  compared  to  210  solar 
cells  on  each  test  panel.  The  orientation  of  the  solar  cell  panel  rela¬ 
tive  to  the  flow  of  the  S-IVB  retro  motor  exhaust  was  unique  for  each 
of  these  three  tests.  For  tests  -01  and  -02,  the  panels  were  installed 
parallel  to  the  model  surface,  and  the  retro  motors  were  fired  at 
11.  5-  and  0-deg  angles,  respectively,  upward  from  the  model  surface. 
For  test  -03,  the  panel  was  installed  perpendicular  to  both  the  model 
surface  and  the  retro  motor  exhaust  flow. 

Post-fire  inspection  of  the  solar  cell  panels  for  tests  -01  and  -02 
revealed  nonuniform,  gray,  exhaust  particle  deposits  (primarily 
aluminum  and  iron  oxides)  on  the  panels  and  no  physical  damage  to  the 
solar  cells.  For  these  tests,  degradation  of  the  solar  cell  panels 
performance  was  6.  0  and  26.  6  percent,  respectively.  For  test  -03, 
post-fire  inspection  revealed  considerable  damage  to  the  solar  cells 
in  addition  to  uniform,  gray,  exhaust  particle  deposits .  Degradation 
of  the  solar  cell  panel  performance  for  this  test  was  89.  7  percent. 
Although  the  concentration  of  the  exhaust  particle  deposits  on  the  solar 
cell  panels  increased  in  the  order  of  the  firings,  the  severe  89.  7-percent 
degradation  of  the  solar  cell  panel  performance  resulted  mainly  from 
the  extensive  damage  to  the  solar  cells.  A  comparison  between  the  solar 
cell  panel  degraded  on  test  -03  and  the  standard  calibration  panel  is  pre¬ 
sented  in  Fig.  17. 

A  calibration  rack,  consisting  of  a  3500-w  lamp  bank  with  a  water 
filter  to  sufficiently  reduce  the  infrared  or  heat  radiation  incidence 
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upon  the  solar  cells,  was  used  to  calibrate  the  solar  cell  panels  (Fig.  18a). 
Degradation  of  the  solar  cell  panel  performance  relative  to  the  standard 
panel  was  determined  using  the  change  in  maximum  output  power  meas¬ 
ured  during  pre-  and  post-fire  calibrations  of  both  panels.  Typical  El 
characteristic  curves  performed  on  the  solar  cell  panels  during  these 
calibrations  are  presented  in  Fig.  18b. 

A  2000-w  lamp  bank  was  suspended  approximately  20  ft  directly 
above  the  solar  cell  panel  to  excite  the  solar  cells  prior  to,  during,  and 
after  the  retro  motor  firings.  However,  the  intensity  of  the  lamp  bank 
was  inadequate  to  excite  the  panels  to  a  sufficient  output  power  level  re¬ 
quired  to  obtain  qualitative  resolution  for  solar  cell  panel  performance 
measurements.  The  luminosity  of  the  exhaust  plume  was  approximately 
an  order  of  magnitude  greater  than  the  lamp  bank  in  the  400-  to  1200-A 
bandwidth, 

4.3  MODEL  SURFACE  PRESSURE  AND  HEAT  RATE  DISTRIBUTION 

Pressure  and  heat  flux  transducers  defined  the  model  surface  pres¬ 
sure  and  heating  rate  distributions  resulting  from  the  exhaust  impinge¬ 
ment  of  the  S-IVB  retro  motor.  Of  particular  interest  were  the  distinct 
data  trends  (Figs.  19  and  20)  of  the  measured  pressures  and  heating 
rates  which  occurred  for  retro  motor  firings  at  0-  and  11.  5-deg  angles. 
Profiles  of  maximum  measured  pressure  and  heating  rate  at  each  sen¬ 
sor  locale  on  the  model  surface,  i.  e. ,  in  a  4.  0-  to  11. 5  -  ft  interval 
downstream  of  the  nozzle  exit  plane,  are  presented  in  Figs.  21  and  22. 

The  location  of  the  Mach  disc,  as  observed  from  optical  recorders 
(Section  4.  6),  several  feet  beyond  the  last  pressure  and  heat  flux  sen¬ 
sors  indicates  that  extrapolation  of  these  curves  would  not  completely 
define  the  pressure  and  heating  rate  profiles  along  the  model  surface. 
Although  the  effect  of  the  Mach  disc  on  surface  heating  was  not  defined, 
its  very  nature  (increase  in  temperature  and  pressure)  and  observed 
intensity  are  indicative  of  its  significance. 

Measured  heating  rates  along  the  model  surface  were  essentially 
a  direct  function  of  the  local  pressure  (Fig.  23),  The  local  pressures 
were  combinations  of  model  surface  static  and  dynamic  pressures. 

The  dynamic  pressure  component  resulted  from  the  impingement  angle 
of  the  retro  motor  exhaust  and  therefore  decreased  with  an  increase  in 
distance  from  the  nozzle  exit  plane. 

A  study  of  the  test  data  was  conducted  to  determine  the  effect  that 
pressure  altitude  had  on  the  measured  exhaust  impingement  heating 
rates  on  the  model  surface.  A  noticeable  pressure  altitude  effect  was 
observed  for  the  tests  with  retro  motor  firings  at  an  11.  5-deg  angle. 
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The  results  of  the  study  are  presented  in  Fig.  24.  Extrapolation  of 
these  curves  indicates  the  heating  rates  to  be  expected  at  higher 
altitudes. 

For  the  tests  with  retro  motor  firings  at  a  0-deg  angle,  it  was  f 
observed  thai  the  heating  rates  increased  with  a  decrease  in  pressure 
altitude  (Fig.  2  0).  This  increase  is  attributed  to  a  reduction  in  the 
free  expansion  characteristics  of  an  exhaust  plume  and  resulted  in  the 
movement  of  the  exhaust  impingement  plane  toward  the  pressure  and 
heat  flux  transducers  and  an  increase  in  the  exhaust  plume  static 
pressure. 

4.4  LASER  EXPERIMENTS 

o 

The  laser  experiments  were  conducted  during  this  test  program 
to  determine  (1)  change  in  surface  reflectance  of  the  model,  and 
(2)  laser  beam  attenuation  through  a  retro  motor  exhaust.  Two  gas 
laser  units  provided  high  intensity,  collimated  light  sources  for  these 
experiments. 

A 

4.4.1  Surface  Reflectance 

Disc-type  contamination  panels,  designated  I  through  VIII,  were 
mounted  on  the  model  to  implement  the  surface  reflectance  experi¬ 
ment.  The  objectives  of  the  experiment  were  to  determine  (1)  the 
change  in  surface  reflectance  of  panel  III  as  a  function  of  motor  firing 
time  and  (2)  the  total  change  in  surface  reflectance  of  each  panel  along 
the  model  surface. 

To  determine  the  reflectance  of  panel  III  as  a  function  of  motor 
firing  time,  measurements  were  taken  during  the  firings  with  both  the 
laser  beam  incident  on  the  panel  and  the  detector  (Qpm-1)  viewing  the 
panel  at  45 -deg  angles  (Fig.  25).  Inconclusive  data  were  obtained  on 
tests  -01  and  -02  as  a  result  of  interference  experienced  by  the  intense 
luminosity  of  the  exhaust  plume.  For  subsequent  tests,  interference 
wasoreduced  sufficiently  by  the  addition  of  a  limited  view  adapter  and 
10-A  band-pass  filter  to  the  detector.  The  surface  reflectance  of  the 
panel  was  measured  during  test  -03.  To  determine  the  plume 
radiance  effects,  the  panel  reflectance  was  measured  on  a  subsequent 
test  with  the  same  retro  motor  firing  configuration  but  without  tne 
laser  unit  on.  The  difference  between  these  measurements  (Fig.  26) 
was  considered  to  be  the  surface  reflectance  of  a  laser  beam  as  a 
function  of  time.  The  initial  change  in  reflectance  was  attributed  to 
the  deposition  of  igniter  particles  on  the  panel  as  indicated  by  the 
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microscopic  inspection  of  the  stratified  exhaust  particle  deposits. 
During  motor  operation,  the  deposition  of  exhaust  particles  on  the  panel 
eroded  the  igniter  deposits  (thereby  increasing  the  reflectance  tem¬ 
porarily)  as  well  as  paint  from  the  panel  (Fig.  14). 

The  model  surface  reflectance  of  the  exhaust  plume  radiance  was 
measured  by  another  detector  (Qpm-2)  viewing  panel  III  at  a  45-deg 
angle  (Fig.  25).  Reflected  exhaust  plume  radiance  data  are  presented 
in  Fig.  27.  The  peaks  which  occurred  at  retro  motor  ignition  and 
tail  off  were  attributed  to  the  intense  luminosity  of  the  Mach  disc  ob¬ 
served  from  optical  recorders.  These  peaks  correlated  in  time  with 
the  location  of  the  Mach  disc  in  the  field  of  view  of  the  detector. 


The  total  change  in  surface  reflectance  of  the  remaining  panels 
was  determined  by  interchanging  their  positions,  one  at  a  time,  with 
panel  III  and  recording  surface  reflectance  of  the  laser  beam  pre-  and 
post-fire.  The  data  from  these  measurements  are  presented  in 
Fig.  28  and  Table  V.  As  indicated  by  these  curves,  the  heaviest  con¬ 
centration  of  deposits  was  located  at  the  base  of  the  interstage  adapter 
for  the  tests  with  retro  motor  firings  at  a  0-deg  angle,  and  approxi¬ 
mately  5  ft  downstream  from  the  adapter  for  tests  with  retro  motor 
firings  at  an  11.  5-deg  angle  (Section  4.  1.  1). 

4.4.2  Loser  Attenuation 

The  arrangement  of  laser  unit  No.  2  and  the  detector  (Qpm-3)  for 
measuring  the  laser  beam  attenuation  through  the  retro  motor  exhaust 
plume  is  presented  in  Fig.  25.  The  laser  beam  transversed  the  ex¬ 
haust  plume  at  approximately  8  ft  downstream  from  the  nozzle  exit 
plane. 


Inconclusive  data  were  obtained  on  tests  -01,  -02,  and  -03  as  a 
result  of  interference  experienced  by  the  intense  luminosity  of  the 
exhaust  plume.  For  subsequent  tests,  the  plume  radiation  was 
separated  from  the  laser  beam  by  the  addition  of  a  limited  view 
adapter  and  a  10- A  band-pass  filter  to  the  detector  and  a  50-cps  chop¬ 
per  on  the  laser  unit. 

Post-fire  inspection  of  the  laser  unit  revealed  a  film  of  exhaust 
particles  on  the  clear  sections  of  the  Plexiglas®  disc  used  to  chop  the  laser 
beam.  Spectrographic  and  density  count  analysis  indicated  a  pre¬ 
dominance  of  particles  in  the  1-  to  2-^  size  range  which  numbered 
88  particles/cm2.  Recorded  data  revealed  approximately  50-percent 
attenuation  of  the  laser  beam  reflectance  after  the  motor  firings.  The 
data  were  corrected  on  the  assumption  that  the  particles  were  de¬ 
posited  on  the  Plexiglas  disc  linearly  with  time.  The  corrected  data 


12 


AEDC-T  R-66-57 


of  laser  transmittance  through  the  exhaust  plume  are  presented  in 
Fig.  29.  The  laser  beam  attenuation  for  tests  with  0-  and  11.5-deg 
angle  firings  was  22  and  12  percent,  respectively. 

4.5  EXHAUST  PLUME  RADIANCE 

Inconclusive  data  were  obtained  from  total  radiance  of  the  exhaust 
plume  measurement  as  a  result  of  the  inaccuracy  of  the  radiometer  in 
the  range  of  the  measured  radiation.  During  each  test,  the  radiometer 
operated  in  the  lower  0.  25  percent  of  its  full-scale  range. 


4.6  EXHAUST  PLUME  CHARACTERISTICS 

Optical  data  defined  the  exhaust  core  formed  by  the  more  luminous 
aluminum  oxide  particles,  aerodynamic  recompression  of  the  gases 
on  the  plume  centerline  (Mach  disc),  and  a  smoke  ring  phenomena  which 
occurred  during  motor  ignition.  Photographs  showing  the  typical 
exhaust  plume  characteristics  for  retro  motor  firings  at  both  0-  and 
11.  5-deg  angles  are  presented  in  Fig.  30. 


4.7  MOTOR  PERFORMANCE 

The  motors  were  successfully  ignited  at  pressure  altitudes  of 
approximately  130,  000  ft.  The  ambient  pressure  altitudes  experienced 
by  the  motor  during  each  firing  are  presented  in  Fig.  31. 

Motor  chamber  pressure  data  indicated  that  the  motors  performed 
satisfactorily.  The  envelope  of  motor  chamber  pressure  measured 
during  this  test  program  is  presented  in  Fig.  32.  The  observed  smooth 
chamber  pressure  tailoff  indicates  shutdown  stability  of  the  S-IVB 
retro  motor  at  altitude  conditions. 

Post-fire  inspection  of  the  motors  revealed  that  a  portion  of  the 
igniters  had  remained  intact  and  that  unburned  propellant  slivers  re¬ 
mained  in  tne  motor' case.  A  post-fire  photograph  of  a  typical  igniter 
is  presented  in  Fig.  33. 
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SECTION  V 

SUMMARY  OF  RESULTS 


The  results  of  the  five  tests  at  simulated  altitude  conditions  in  the 
spray  chamber  of  Test  Cell  J-4  are  summarized  as  follows: 

1.  The  data  obtained  from  this  program  demonstrated  the 
capability  for  investigating  surface  contamination  and  exhaust 
plume  impingement  heating  effects  on  full-scale  space 
vehicles  at  simulated  altitude  conditions  in  the  spray  chamber 
of  the  Test  Cell  J-4. 

2.  Removal  of  the  paint  from  the  exterior  of  the  nozzle  exit  cone 
eliminated  the  exhaust  particle  streaking  phenomena  on  the 
model  surface. 

3.  The  major  constituents  of  the  exhaust  particle  deposits  on  the 
contamination  panels  were  iron  and  aluminum  oxides. 

4.  The  predominant  size  of  the  exhaust  particles  deposited  on  the 
contamination  panels  was  approximately  1  to  10/j.  However,  • 
many  particles  ranged  in  size  from  20  to  60  fi,  and  a  few 
particles  were  as  large  as  400  /<. 

5.  Erosion  of  contamination  panels  was  as  deep  as  12  to  14 

and  occurred  over  a  4-  to  30-ft  interval  downstream  from  the 
nozzle  exit  plane. 

6.  The  performance  degradation  of  the  solar  cell  panels  installed 
on  the  model  parallel  to  the  surface  was  26.  6  and  6,  0  percent 
for  the  tests  with  retro  motor  firings  at  0-  and  11. 5 -deg 
angles,  respectively. 

7.  Surface  pressure  and  heating  rate  distribution  on  the  model 
was  markedly  different  for  tests  with  retro  motor  firings  at 
0-  and  11.  5-deg  angles.  Profiles  of  maximum  surface  pres¬ 
sures  and  heating  rates  along  the  model  surface  were  defined 
in  a  4,  0-  to  11.  5 -ft  interval  downstream  from  the  nozzle  exit 
plane. 

8.  The  laser  beam  attenuation  through  the  exhaust  plume  was  22 
and  12  percent  for  the  tests  with  retro  motor  firing  at  0-  and 
11. 5-deg  angles,  respectively. 


(SiT'scrj&ncssisc 
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28  ft 
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(Centaur) 

30  ft 


Second  Stage 
(S-IVB) 
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First  Stage 
(S-1B) 

80  ft 
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Eight  H-l  Engines 
(200, 000- lb  Thrust 
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Fig.  1  Saturn  IB-Centaur  Vehicle 


17 


A  EDC-TR-66-57 


18 


Elevated  Exhaust  Duct 


Main  Control  Room 
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Deflector  Plate 
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Control  Room 
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Spray  Rings 


Deflector 

Plate 


S-IVB  Retro 
Motor 


Test  Model 


Elevator 


A  E  D  C 
65-1648 


b.  Deflector  Plote  Test  Site 
Fig.  4  Concluded 
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Fig.  6  Installation  and  Instrumentation  Schematic 
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b.  Plan  View 
Fig.  6  Concluded 
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Contamination  Panels 
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Surface  Reflectance  Detectors  _ 

Laser  A I 

1 _ R  a  d  i  ome  t  e 


Laser  Attenuation  Detectoi 


Contamination  Panels 


—  ——  «Spray  Chamber  Wall 
Simulated  Centaur  Structure  I 


Simulated  Payload  Structure 


Laser  No.  1 


Solar  Cell  Panel 


a.  Contamination  Panels,  Laser  Units,  and  Cameras 
Fig.  7  Instrumentation  Locations 
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P  -6 
ms 


Notes:  (1)  P  ~  Pressure,  Model  Surface 
ms 


b.  Model  Surface  Pressure  and  Heat  Flux  Sensors 


A  E  D  C 
4063-65 


Surface  Reflectance  Detectors 


Laser  Attenuation  Detector 


S-IVB  Retro  Motor 


Fig.  7  Concluded 
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a.  Painted  and  Insulated  Specimens 
Fig.  8  Identification  of  Contamination  Panel  Specimens 


Column  Number 

Specimen  Identification 

1 

Aluminum  Paint 

2 

M-31  Insulation 

3 

Porcelain  Enamel 

4 

S-13  Paint 

5 

Insulfor  Coating 

6 

ZnCrC>4  Primer 

7 

White  Enamel  Paint 

8 

Bare  Aluminum 

AEDC-TR-66-57 


Specimen  Identification 

1 

Potassium  silicate  zinc  oxide  coating 

2 

Polyester,  aluminum-pigmented  paint 

3 

Aladine  407-41 

4 

Teflon  spray  on  No.  170  Heatrem 

5 

SiO  on  aluminum  on  Schjeldabl  tape 

6 

Checkerboard  aluminum  and  ZnO  paint  in  clear 

Heatrem  binder 

7 

100-13  fiber  glass  cloth  over  aluminum  foil 

8 

Oxalic  acid  on  Apollo  ablator  material 

9 

Camphor  coating  over  Saran  Wrap  on  No.  170  Heatrem 

10 

Aladine  407-41  coated  with  camphor 

11 

Camphor  and  polyethylene  on  Apollo  ablator  material 

12 

Benzoic  acid  on  Apollo  ablator  material 

13 

Camphor  coating  over  SiO  on  aluminum  on  Schjeldahl 
tape 

14 

Saran  Wrap  on  No.  170  Heatrem 

15 

Camphor  coating  over  checkerboard  aluminum  and  ZnO 
paint  in  clear  Heatrem  binder 

16 

Camphor  coating  over  100-13  fiber  glass  cloth  over 
aluminum  foil 

b.  Ablative  Specimens 
Fig.  8  Concluded 
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0  Charged  Panel 


Charged  Panel 


Insulated 

Supports 


Direction  of 
Exhaust  Flow 


Fig.  9  Contamination  Panel  Configuration  for  the  Charged  Panel  Experiment 
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CO 


a.  Perkin-Elmer  Laser 
Fig.  11  Helium-Neon  Gas  Laser  Units 
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b.  Spectra-Physics  Laser 
Fig.  11  Concluded 


A  E  DC-T  R-66-57 


A  EDC-TR-66-57 


Exhaust  Particle  Deposits 


b.  Painted  and  Insulated  Contamination  Pane 


Column  Number 

Specimens 

1 

Insulfor  Coating 

2 

ZnCr04  Primer 

3 

White  Enamel 

4 

S-13  Paint 

5 

Bare  Aluminum 
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Specimen  Identification 

1 

Potassium  silicate  zinc  oxide  coating 

2 

Polyester,  aluminum-pigmented  paint 

3 

Aladine  407-41 

4 

Teflon  spray  on  No.  170  Heatrem 

5 

SiO  on  aluminum  on  Schjeldahl  tape 

6 

Checkerboard  aluminum  and  ZnO  paint  in  clear 

Heatrem  binder 

7 

100-13  fiber  glass  cloth  over  aluminum  foil 

8 

Oxalic  acid  on  Apollo  ablator  material 

9 

Camphor  coating  over  Saran  Wrap  on  No.  170  Heatrem 

10 

Aladine  407-41  coated  with  camphor 

11 

Camphor  and  polyethylene  on  Apollo  ablator  material 

12 

Benzoic  acid  on  Apollo  ablator  material 

13 

Camphor  coating  over  SiO  on  aluminum  on  Schjeldahl 
tape 

14 

Saran  Wrap  on  No.  170  Heatrem 

15 

Camphor  coating  over  checkerboard  aluminum  and  ZnO 
paint  in  clear  Heatrem  binder 

16 

Camphor  coating  over  100-13  fiber  glass  cloth  over 
aluminum  foil 

c.  Ablative  Contamination  Panel  Specimens 
Fig.  12  Concluded 
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Fig.  13  S-1VB  Retro  Motor  Nozzle  Exit  Cone,  Post-Fire 
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Photographs  Supplied 
by  The  Boeing  Company 


Exhaust 

Particles 


Direction  of 
Erosion 


Paint  Erosion 


AEDC-TR-66-57 


c.  Large  Exhaust  Particle 


Photographs  Supplied 
by  The  Boeing  Company 


d.  Ponel  Surface,  Pre-Fire 
Fig.  14  Concluded 
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A  E  DC-T R -66-57 


S-IVB  Retro  Motor 


Paint  Erosion 


A  E  D  C 
4954-65 


Fig.  15  Model  Surface  Paint  Erosion 
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Reflectance,  uercent  Reflectance,  percent 


A  E  DC-TR-66-57 


a.  Bare  Aluminum  Specimen 


b.  S-13  Paint  Specimen 

Fig.  76  Surface  Reflectance  of  Various  Contamination  Specimens 
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Reflectance,  percent 


A  E  D  C-T  R-66-57 


Wavelength,  A 


d.  Zinc  Chromate  Specimen 


Fig.  16  Continued 
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A  E  DC  -T  R-66-57 


a.  Calibration  Rack 
Fig-  18  Solar  Cell  Panel  Calibration 
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Voltage, 


CJI 


Current,  ma 

b.  Typical  Calibration  Curves 


Fig.  18  Concluded 
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Pressure,  psia 


A E  DC-T  R -66-57 


0  E _ I _ i _ I  L _ I _ i _ 

0  1.0  2.0  3.0  0  1.0  2.0  3.0 

Time,  sec 

a.  0-deg  Angle  Retro  Motor  Firing  b.  11. 5-deg  Angle  Retro  Motor  Firing 


Fig.  20  Typical  Model  Surface  Heating  Rate  Distribution 


Pressure,  psia 


□  □ 


0.10  0.20 
Pressure,  psia 


Fig,  23  Model  Surface  Pressure  and  Heating  Rate  Relationship 
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Fig.  25  Test  Equipment  Setup  for  Laser  Experiments 
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Reflectance  at  6328  A,  pe 


0  0.3  1.0 


Fig.  26  Contamination 


el  III  Reflectance  of  a  Laser  Beam 


A  E  D  C-  T  R-66-57 


Exhaust  Plume  Radiation  at  8400  A,  Btu/ft^-sec 


A  EDC-T  R-66-57 


Fig.  27  Contain! nation  Panel  III  Reflectance  of  Exhaust  Plume  Radiance 
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cn 


Fig.  28  Total  Change  in  Model  Surface  Reflectance  of  a  Laser  Beam 


29  Loser  Beam  Transmittance  through  Exhaust  Plumes 


A  E  DC-T  R-66-57 


o.  t0  +  0-020  sec 


b.  tD  +  0.028  sec 

Fig.  30  Typical  Exhaust  Plume  Characteristics  for  a  0-deg  Angle 
Retro  Motor  Firing 
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A  E  DC-T  R-66-57 


c.  t0  +  0.032  sec 


d.  t0  +  0.084  sec 
Fig.  30  Concluded 
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AEDC-TR-66-57 


a.  t0  +  0.020  sec 


b.  »0  +  0.024  sec 

Fig.  31  Typical  Exhaust  Plume  Characteristics  (or  an  11.5-deg  Angle 
Retro  Motor  Firing 
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AEDC-T  R-66-57 


c.  tD  +  0.056  sec 


d-  t0  +  0.544  sec 
Fig.  31  Concluded 
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Pressure,  psia 
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TABLE  I 

INSTRUMENTATION  SUPPLIED  BY  VARIOUS  AGENCIES 


Item 

Number 

Type  Instrumentation 

Furnishing  Agency 

1 

Contamination  Panels 

a.  Painted  and  insulated  specimens 

NASA /MS  FC 

b.  Ablative  specimens 

NASA /MSEC 

e.  Disc  type 

Boeing  Company 

2 

Laser  Equipment 

Boeing  Company 

3 

Solar  Cell  Panels  and  Calibration  Rack 

NASA  /  MSFC 

4 

Heat  Flux  Transducers 

NASA/MSFC 

5 

Pressure  Transducers 

NASA / MSFC 

6 

30,  000-v  Transformer  and  Voltage  Divider 

Brown  Engineering 

7 

Cinerama  Camera 

NASA/MSFC 

CD 

CJ1 


AEDC-T  R-66-57 


TABLE  II 

OPTICAL  RECORDERS 


Firing 

Number 

Camera  Type 

Designation 

Film  Speed, 
frames/  sec 

Film 

Type* 

-01 

Milliken 

Camera  1 

500 

1 

Milliken 

Camera  2 

500 

1 

Cinerama 

Camera  3 

500 

2 

Hulcher 

Camera  4 

10 

3 

-02 

Milliken 

Camera  1 

500 

1 

Milliken 

Camera  2 

500 

1 

Cinerama 

Camera  3 

500 

2 

Hulcher 

Camera  4 

10 

3 

-03 

Milliken 

Camera  1 

— 

500 

1 

Milliken 

Camera  2 

128 

4 

Cinerama 

Camera  3 

64 

5 

Hulcher 

Camera  4 

10 

5 

Milliken 

Camera  5 

32 

5 

-04 

Milliken 

Camera  1 

500 

4 

Millkien 

Camera  2 

250 

4 

Cinerama 

Camera  3 

200 

4 

Hulcher 

Camera  4 

10 

5 

Milliken 

Camera  5 

___1 

4 

-05 

Milliken 

Camera  1 

128 

4 

Milliken 

Camera  2 

250 

4 

Cinerama 

Camera  3 

150 

4 

Hulcher 

Camera  4 

10 

5 

Milliken 

Camera  5 

128 

_ 

4 

* 

Film  Types 


1. 

Edgerton  XR  Extended  Range 

ASA 

400 

16 

mm 

2. 

B&W  2475 

ASA 

1600 

16 

mm 

3. 

TRI-X 

ASA 

400 

70 

mm 

4. 

Ektachrome  ER  7257 

ASA 

160 

16 

mm 

5. 

Ektachrome  ER  7258 

ASA 

125 

16 

mm 

^  Failed  to  operate 
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TABLE  III 

SUMMARY  OF  TEST  CONDITIONS  AND  RESULTS 


Firing  Number 

Ij4- 1 54S-0 1 

T~ 

J4- 1548-02 

1 - - 

I  J4- 1 548-03 

J  4-1548- 04 

— 

1  J4-1548-05 

F.liTig  Daie 

1 1-3-65 

11-1 ’-65 

1’  -18-65 

11-22-65 

j  11-24-65 

Motor  Type 

TX- 142-  37 

TX-  143-37 

TX-  143-  37 

!  TX- 143-37 

TX-  143-37 

Motor  Serial  Number 

10104 

10105 

10112 

10114 

10113 

Igniter 

1342 

1351 

1362 

1375 

1368 

j  Serial  Number 

1  348 

1358 

1364 

1383 

1  1372 

Nominal  Burn  Time  sec 

2  G 

2  0 

i  2.0 

2.0  , 

2  0  ' 

.  Nominal  Chamber  Pressure, 

psia 

1100 

1100 

1100 

1100 

1100 

l 

Nominal  Thrust,  lbf 

5000 

5000 

500G 

5000 

5000 

Nozzle  Exit  Area.  in. 

is.  l 

18,  1 

1H  1 

18.  1 

18.  1 

Knrsrle  Throat 

Pre-?.re 

2.56 

3  5“ 

>  55 

3  5fi 

3  56 

-  Area,  in.*- 

Post-Tire 

3.71 

3.  67 

3.  51 

3  55 

3.  64  1 

Motor  Weight, 

Pre-Fire 

83.  4 

83  5 

85  1 

83.  7 

83. 6  j 

Ub.f 

Post-Fire 

22  7 

20  7 

24  4 

24  1 

23  9 

1  Motor  Ambient  Pressure, 

Pre-Fire 

0  072 

0  053 

0.  046 

0  041 

0. 043  Ji 

psia 

Shutdown 

0  :32 

G  110 

n  0S9 

0  089 

-on  na-  ,4' 

j  .Motor  Ambient  Pressure 

Pro-  Fire 

119, cno 

126,  000 

i2y, coo 

.32,  000 

131,500  1 

A'.titucc,  ft 

Shutdown 

104. 500 

108. 500 

113, 000 

113,  000 

1  ID,  000 

Spray  Chamber 

Pre-Fire 

51  2 

52  5 

50.  8 

52  3 

52  1  ~1 

Temperatur 

s,  °F 

Maximum 

79  3 

80.  1 

80.  2 

87  1 

31.  1 

Motor  Cant  Angle, 

Degrees  Upward  from  Model  Surface 

11  5 

0 

0 

i:  5 

•  i 

Solar  Cel.  Panel  Mounting  Angle, 

0 

90 

Degrees  Pe_a:ivc  to  Model  Surface 

i 

Solar  Cells 

p 

e- Fire 

51  4 

52  4 

50  9 

* 

* 

Temperature 

Maximum 

72  7 

1  24  3 

157  6 

Solar  Cells  Output  Degradation,  percent 

6.0 

2o  u 

39  7 

* 

* 

I  &a»er  Attenuator.,  percent 

t 

} 

12 

22 

w 

0  120 

0.  280 

0  2B5 

0  144 

0.2S2 

F  -2 

0  135 

0  234 

0  2?3 

0  138 

0.  240 

Pressure, 

Model  Surface 

P  -  3 
rm& 

pms-4 

0  120 

0.  089 

0.  180 

0  125 

0  160 

0.  112 

0.  124 

0.  069 

0  192 

0  130 

pms-5 

0.  083 

0  113 

0.  103 

0  064 

0.  IDS 

Pms'G 

0  038 

o  n?o 

0  038 

0.  029 

0,  036 

pros-7 

0.  037 

0.  03  6 

o.  rm 

0  C2  n 

0,  029 

Q-l 

4  0 

12  8 

13.  5 

9  0 

13.  8 

Total  Heat 

Qt-2 

4  6 

10  5 

i0.  9 

8.5 

11  2 

Flux. 

Model  Surface 

Qt-3 

4.  5 

7.  8 

8.0 

6  6 

8  2 

Btu/ft2  sec 

Qt-4 

4  fj 

4  8 

5.  4 

5  2 

6  1 

Qt-S 

1  2 

1.2 

i  a 

I  2 

1  2 

f  Solar  Cc.l  Pjne.  Not  Installed 
;  !r.\alic  MeJ'uiement 
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TABLE  IV 

TEST  SUMMARY  OF  CONTAMINATION  PANELS 


Firing 

Number 

Contamination  Panel  Designation 

A 

B 

C 

D 

E 

X 

Y 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

C.  P.  * 

-01 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

-02 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

■ 

X 

-03 

X 

X 

X 

X 

X 

X 

X 

X 

X 

-04 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

-05 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Data  Supplied  by  The  Boeing  Company 
Remarks 

1.  Contamination  panels  A  through  E  contained  painted  and  insulated  specimens  (Fig.  8a). 

2.  Contamination  panels  X  and  Y  contained  ablative  specimens  (Fig.  8b). 

3.  Contamination  panels  I  through  VIII  and  C.  P.  were  coated  with  white  enamel 
paint  MEL-E-5556  (Fig.  28). 


Charged  Panels 
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TABLE  V 

MODEL  SURFACE  REFLECTANCE  OF  A  LASER  BEAM 


Change  in  Reflectance,  Percent 

Test  Number 

-01 

-02 

-03 

-04 

— 

-05 

Panel  I 

22 

56 

78 

8 

97  1 

Panel  II 

23 

28 

57 

15  ' 

1 

Panel  III 

13 

5 

16 

31 

16  1 

Panel  IV 

11 

6 

8 

9 

4  , 

Panel  V 

24 

15 

16 

8 

20 

Panel  VI 

26 

21 

20 

- i 

24 

Panel  VII 

18 

16 

18 

16 

26 

Panel  VIII 

16 

14 

16 

12 

23 

Data  supplied  by  The  Boeing  Company 
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A  series  of  five  tests  was  conducted  in  Propulsion  Engine  Test 
Cell  (J-4)  in  support  of  a  study  to  determine  the  surface  contamina¬ 
tion  of  the  Centaur  vehicle  and  its  payload  resulting  from  the  deposi¬ 
tion  of  retro  exhaust  particles  during  separation  from  the  spend  S-IVB 
stage.  The  test  article  consisted  of  a  full-scale  model,  120-deg 
segment  of  the  S-IVB  interstage  adapter-Centaur-payload  sections  of 
the  Saturn  lB-Centaur  vehicle.  An  S-IVB  retro  motor  was  mounted  in 
the  adapter  section  at  either  a  0-  or  11.5-deg  angle  upward  from  the 
model  surface  and  was  ignited  at  a  pressure  altitude  of  approximately 
130,000  ft.  The  contamination  of  the  model  surface  was  primarily  a 
gray  deposit  of  iron  and  aluminum  oxides.  Predominant  sizes  of  the 
particles  deposited  on  the  contamination  panels  were  1  to  10  ^ .  How¬ 
ever,  many  particles  ranged  from  20  to  60  ^ ,  and  a  few  particles  were 
as  large  as  400  jj,  .  Particle  erosion  of  the  paint  on  the  model  surface 
was  12  to  14  [x  in  depth  and  occurred  in  a  4-  to  30-ft  interval  down¬ 
stream  of  the  nozzle  exit.  The  test'results  dependent  upon  retro 
motor  firing  angles  of  0  and  11.5  deg,  respectively,  varied  as  follows: 
(1)  maximum  surface  heating  rate,  14.1  to  9.0  Btu/ft2-sec;  (2)  maximum 
surface  pressure,  0.29  to  0.14  psia;  (3)  degradation  of  solar  cell 
panel  performance,  26.6  to  6.0  percent;  (4)  laser  beam  attenuation,  22 
to  12  percent;  and  (5)  nominal  change  in  surface  reflectance  of  the 
model  utilizing  a  laser  beam,  27  to  19  percent. 
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